Background Episode-of-care payments are defined as a single lump-sum payment for all services associated with a single medical event or surgery and are designed to incentivize efficiency and integration among providers and healthcare systems. A TKA is considered an exemplar for an episode-of-care payment model by many policymakers, but data describing variation payments between hospitals for TKA are extremely limited.
Introduction
In an effort to slow what is viewed as unsustainable spending in the US Medicare program, researchers and policymakers have proposed bundled payments for certain diagnoses and procedures [9, 17] . Bundled payments would involve a single lump sum payment from Medicare (or another payer) to an integrated healthcare delivery system for an entire episodeof-care [24, 26] . The episode-of-care typically would include all preprocedure, periprocedure, and postdischarge services that a patient would receive during treatment for a wellcircumscribed disease or condition [26] . There is hope that bundled payments would promote healthcare system integration and align incentives, thereby slowing growth in healthcare spending [4, 11, 12, 20] .
However, the complexity of moving from the current feefor-service payment model to a bundled payment model is enormous for everyone involved in the healthcare sector [30] . Before bundled payments can be implemented, the Centers for Medicare & Medicaid Services (CMS) needs to understand the typical payments (often referred to as ''costs'') that Medicare makes for relevant procedures and conditions during an episode of care and then decide how to set a fair and equitable price while taking into account differences in patient complexity. Likewise, healthcare systems and physicians, who will assume ''risk'' under bundled payment models, need to have access to and understand their internal costs for each condition. Currently, there are few published studies describing episode-of-care payments for specific diagnoses and conditions [1, 3, 8] .
Our objective was to describe hospital-level episode-ofcare payments for patients who underwent primary elective TKA. In particular, we wanted to understand the range in payments across hospitals and how much of the variation that we observed could be explained by differences in patient factors (age, comorbidity) or hospital factors (teaching status, location). We anticipated that even for a well-circumscribed elective surgical procedure such as a TKA, we would observe much unexplained variability in episode-of-care payments across hospitals.
We asked: (1) How much variation is there between hospitals in episode-of-care payments for a primary TKA? (2) Is variation in payment explained by differences in hospital structural characteristics such as teaching status or geographic location, patient factors (age, sex, ethnicity, comorbidities), and discharge disposition during the postoperative period (home versus skilled nursing facility)? (3) After accounting for those factors, what proportion of the observed variation remains unexplained?
Materials and Methods
We conducted a retrospective analysis of US Medicare administrative data. Our analysis used five separate data files that we obtained from the CMS including: Medicare Part A files for inpatient admissions, hospital payments, and discharge disposition; carrier files for outpatient visits and payments; outpatient files for outpatient hospital-based visits; durable medical equipment files; and home health files. In combination, these files allowed us to construct longitudinal records for all fee-for-service Medicare enrollees who underwent a TKA in 2009 for a 120-day window extending from 30 days before surgery to 90 days after.
We began our analysis by identifying all fee-for-service Medicare beneficiaries who underwent a primary TKA in 2009 using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) procedure code 81.54 in the Part A (hospital) data files. We verified that all TKAs in the Part A files had a corresponding physician claim in the Medicare Carrier Files using Current Procedural Terminology codes 27437, 27438, 27440, 27441, 27442, 27443, 27445, 27446 and 27447 [19, 32] . TKAs that could not be identified in the hospital and physician files were excluded because lack of both claims precluded us from accurately calculating complete Medicare payments.
We excluded several patient populations in an effort to identify a homogeneous population of patients who received a single elective primary TKA (Supplemental Fig. 1 ). We excluded patients who underwent more than one TKA during the index hospital stay, patients with acute fractures, and patients admitted from the emergency department in accordance with methods used in prior studies of primary TKA [7, 23] . We excluded patients who had not been enrolled continuously in Medicare Part A and Part B programs for 12 months preceding the TKA and 3 months after surgery. The requirement for 12 months of enrollment preceding the index surgery was necessary to allow us to be certain that each procedure represented the first TKA and not a readmission for a complication and/or early revision. The 3-month postprocedure enrollment was needed to allow for a full 90-day window for capturing postprocedure Medicare payments, including hospital readmissions. We excluded patients who qualified for Medicare on the basis of needing dialysis and patients who resided outside the United States because both populations would not be representative of the general population undergoing TKA. We also excluded patients for whom Medicare was not listed as the primary payer because in such cases, the Medicare payments might not fully capture all payments associated with the TKA.
After identifying all eligible patients who had TKAs (n = 167,186 patients treated in 2843 hospitals), we reviewed the number of eligible TKAs in Medicare beneficiaries across hospitals. After reviewing the distribution of cases across hospitals, we made the decision to exclude all hospitals with a volume less than the hospital median (37 eligible TKAs). The decision to exclude low-volume hospitals is consistent with statistical principles used by the CMS and others when evaluating hospital performance-in particular, that small sample sizes of lower-volume hospitals are insufficient for valid estimates of performance [21, 22] . For each patient who received a primary elective TKA in one of our study hospitals, we created a longitudinal record extending from 30 days before admission until 90 days after surgery; thus, the total episode of care for each patient extended for a full 120 days in accordance with current proposals for episode-of-care payments using the five data files described previously [9, 18, 24] .
The patient-level Medicare data were augmented by several additional data sources. We obtained socioeconomic measures for each patient by linking each recipient of a TKA in the Medicare files to data available from the 2010 US Census including zip code-level median household income. We obtained hospital-level information including teaching status (membership in the Council of Teaching Hospitals), safety net status, ownership, and bed size by linking each hospital in the Medicare files to data from the American Hospital Association annual survey.
Statistical Analysis
First, we used descriptive statistics (mean, median, percentages) to explore the demographic characteristics (ie, age, sex, race), socioeconomic measures, and comorbidities of our cohort of TKA recipients. Comorbidities were identified by mapping specific ICD-9-CM codes to Chronic Condition Categories using methods developed by the CMS [5] . Comorbidities were identified using inpatient and outpatient files beginning 12 months before the TKA and continuing through hospital discharge. We identified seven discrete complications occurring after TKA during either the initial inpatient stay or subsequent hospitalization using methods developed by the CMS in consultation with contractors at Yale University [31] . Individual complications included myocardial infarction, pneumonia, sepsis, surgical site bleeding, pulmonary embolism, mechanical complication, and infection [2] . Second, we examined the characteristics of the hospitals included in our sample including TKA volume, geographic region, teaching status, hospital ownership, bed size, and nurse staffing ratio (nurse full-time-equivalents divided by adjusted patient days) using similar methods.
Third, we calculated the mean, median, and range in Medicare payments for the preoperative, perioperative, postdischarge, and entire 120-day episode of care for the 1430 hospitals included in our study. Calculations included Medicare transfers for direct and indirect medical education [6] . Analyses initially were conducted for all patients undergoing TKA (those who did and did not experience complications); analyses were repeated focusing exclusively on patients who did not experience a complication because we expected that complications would be a significant cause of variation in hospital-level payment differences (eg, some variation in episode-of-care payments might be explained by differences in complication rates). Fourth, we extended these analyses by evaluating the variation in preoperative, perioperative, and postdischarge payments after stratifying hospitals by geographic region, teaching status, for-profit status, and other hospital categories; these analyses allowed us to examine whether TKAs performed in certain types of hospitals tended to be associated with greater (or lesser) payments from Medicare.
Fifth, we stratified hospitals into quartiles of 120-day episode-of-care TKA payments, focusing only on patients who did not experience complications. We compared patient characteristics (sociodemographics, comorbidity) and Volume 473, Number 11, November 2015 Variation in Episode-of-care Payments for TKA 3339 hospital characteristics (eg, bed size, teaching status) with low (lowest quartile), high (highest quartile), and intermediate (all others) payments in an effort to understand potential patient-and hospital-level factors associated with greater and lesser payments. We used ANOVA to evaluate differences in continuous measures (eg, age, income) and the chi-square test for differences in categorical variables (eg, hospital teaching status). To examine the robustness of our findings, we repeated our analyses using all patients (ie, patients who did and did not experience complications). Sixth, we used multilevel models to examine how TKA episode-of-care payments varied across individual hospitals while adjusting for patient-and hospital-level characteristics. For these analyses, log-transformed total episode-ofcare TKA payments for each patient were the dependent variable (outcome), whereas predictors included patient sociodemographics, comorbidities, and hospital-level structural factors. Our analyses included seven different models that progressively adjusted for an increasing number of factors. Models 1 to 4 included all patients undergoing TKA: Model 1 = unadjusted model; Model 2 = adjusted for patient demographics and comorbidity; Model 3 = adjusted for patient demographics, comorbidity, and hospital factors; and Model 4 = included all Model 3 factors plus an indicator for whether a given patient did or did not experience a complication. Models 5 to 7 were identical to Models 1 to 3 but included only patients who did not experience a complication. We used a smearing retransformation approach to predict Medicare episode of payment for several hypothetical patient scenarios to illustrate the differences in payment that we identified, while accounting for the skewed distribution of payments [10] ( Supplemental Table 1 . Supplemental material is available with the online version of CORR 1 ). We examined regression coefficients for individual patient-and hospitallevel characteristics to examine factors associated with greater and lesser payments. These models also were used to calculate the mean episode-of-care payments for each hospital; we then used graphic methods to evaluate the distribution of mean hospital episode-of-care payments for each hospital in our sample.
All p values are two-tailed, with p less than 0.05 considered statistically significant. All statistical analyses were performed using SAS 1 9.3 (SAS Institute Inc, Cary, NC, USA). This project was approved by the University of Iowa institutional review board.
After excluding all low-volume hospitals (1413 hospitals; 21,672 TKAs), our final cohort consisted of 145,514 patients who received TKAs performed in 1430 hospitals in 2009 (Table 1 ). The mean age of our cohort was approximately 75 years, 65% were female, and 91% were Non-Hispanic white. Among the 1430 hospitals included in our study, the mean annual Medicare TKA volume was nearly 102, 36% were teaching hospitals, and 15% were for profit * Number of beneficiaries = 145,514; missing information on geographic census region = 10, bed size = 149, ownership status = 10, nurse-staffing ratio = 10, teaching status = 10, and rural/urban status = 14); nurse-staffing ratio = full-time equivalent divided by adjusted patient days.
(Supplemental Fig. 1 , Supplemental Table 2 . Supplemental materials are available with the online version of CORR 1 ).
Results
How Much Variation is There Between Hospitals in Episode-of-care Payments for Primary TKA?
There was large variation in Medicare payments in the preoperative, perioperative, postdischarge, and 120-day periods whether focusing on all patients undergoing TKA or focusing exclusively on patients who did not experience a complication ( Table 2 ). The range between the highest and lowest payment hospitals for the preoperative, perioperative, postdischarge and total payments were USD 2165, 22,100, 24,036, and 38,791.
Is Variation in Payment Explained by Differences in Hospital Structural Characteristics?
In unadjusted analyses (Table 3) , we found substantial differences in Medicare payment by geographic region (hospitals in the Northeast received higher payments), teaching status (teaching hospitals paid more), ownership (for profit paid less), and urban/rural location (rural hospitals paid less). More specifically, the mean total episode payment for hospitals in the Northeast was USD 26,886 compared with 21,139 in the Midwest, 22,184 in the South, and 23,548 in the West (p \ 0.001). The mean total payment was lower for rural hospitals (USD 20,103) compared with urban hospitals (USD 22,315) (p \ 0.001). The mean total payment also was significantly higher for patients who were discharged to inpatient rehabilitation (USD 31,840) and skilled care (USD 26,980) compared with home (USD 17,112) or home with home health support (USD 19,215) (p \ 0.001). Results were similar when looking separately at the preoperative, perioperative, and postdischarge periods ( Table 3) . Patients who received a TKA at hospitals in the lowest quartile for episode-of-care payments ( Table 4) tended to be younger, less often female, more often white, and had fewer comorbidities compared with patients treated in hospitals with higher episode-of-care costs. Hospitals with high episode-of-care payments were located more often in the Northeast and less often in the Midwest, South, or West. Hospitals receiving high payments also were more often major teaching hospitals and less often for profit. Results also were similar when analyses were repeated while including patients who experienced complications (Supplemental Table 2 . Supplemental material is available with the online version of CORR 1 ). In adjusted regression analyses, patient-level factors associated with statistically significant (p\0.05) increased episode-of-care payment included age, female sex, black race, and number of comorbid conditions. Hospital-level factors associated with increased payments included location in the Northeast, being a major teaching hospital, and location in an urban area ( Supplemental Table 1 . Supplemental materials are available with the online version of CORR 1 ). Most of the factors associated with increased episode-of-care payment at the patient and hospital levels were consistent whether models did (Models 1-4) or did not include patients who experienced complications (Models 5-7).
After adjusting for patient-and hospital-level factors (Model 3), median episode-of-care payments and interquartile range were USD 21,901 and USD 19,864 to USD 24,811 ( Fig. 1) . We repeated our analyses using unadjusted models and models that adjusted for patient demographics and comorbidity but not hospital factors with similar findings (Figs. 1, 2) . In aggregate, the histograms show a substantial number of hospitals with extremely high and extremely low episode-of-care payments regardless of the statistical models that were used.
What Proportion of Observed Variation Remains Unexplained?
Patient characteristics explained approximately 15% of the variance observed in hospital payment, hospital characteristics explained 30% of variation in payment, and approximately 55% of variation in payment was not explained by either factor even when patients experiencing complications were excluded (Model 7). R 2 values (a measure of model fit that ranges from 0-1) for Models 5, 6, and 7 were 0.0671, 0.1734, and 0.2542, respectively, with p values less than 0.001 for each, suggesting that moving from Models 5 to 7, each model offered a significantly greater performance than the prior model [16] .
Discussion
The US Medicare program is moving away from a fee-forservice model toward new reimbursement models that encourage efficiency and coordination of care between physicians and health systems across inpatient and outpatient settings. Episode-of-care payment models encourage such efficiency by providing healthcare systems with one lump-sum payment for a group of services required for a circumscribed diagnosis or procedure [9, 27] . Elective primary TKA frequently is cited as an archetype of a procedure amenable to bundled payment [13] . However empirical data describing Medicare payments for TKA using an episode-of-care approach are almost nonexistent.
Our objective was to evaluate variation in episode-of-care payments for TKA at the hospital level and to understand the extent to which variation could be explained by hospital factors (teaching status, geographic location). In an analysis of Medicare administrative data from 2009 we found that variation in episode-of-care TKA payments was extremely large across hospitals and not readily explained by differences in hospital structure or patient characteristics. Our study has numerous limitations. First, our results are based on one calendar year; it is possible that hospitals' episode-of-care payments might change year to year and that hospitals with high payments in one year might have lower payments in a subsequent year. Analysis of longitudinal performance would be important. Second, it is possible that the differences in payments we found might Table 3 . be reflective of unmeasured differences in patient complexity, although we found no evidence that this was the case. Third, our results were limited to one procedure performed on Medicare beneficiaries on a fee-for-service basis; extrapolation to other populations or procedures must be done with care. Fourth, although we identified primary TKA using previously described methods [7, 32] , it is possible that our sample could have been contaminated by a limited number of patients who underwent other procedures (eg, arthroscopy, partial knee replacement).
Specifically, approximately 95% of our population had ICD-9CM code 81.54 plus CPT code 27447 included and another 4% had CPT code 27446 (unicompartmental knee arthroplasty), but a small number of patients (approximately 1%) had other CPT codes included (eg, 27437 and 27438). Fifth, while the current analysis is focused mostly on hospital factors associated with variation in episode-of-care payments for TKA, the analysis does not delve deeply into patient factors; a separate study was published that focused entirely on patient factors associated with variation in episode of care payments [8] .
We found that mean episode-of-care payments by CMS to hospitals differed by more than 100% between low-cost and high-cost hospitals (USD 15,000 versus USD 30,000); across an average volume of 100 primary TKAs per year, this translates to a substantial difference in cost to the CMS (USD 1,500,000 versus USD 3,000,000 for one hospital). From a different perspective, one healthcare system receives an extra USD 1,500,000 in payments during the course of a year. It is important to consider these findings in the context of prior studies. Birkmeyer et al.
[1] and Miller et al. [28] published studies evaluating variations in episode-of-care payments for several common surgical procedures. Key findings included that hospital payments typically were the largest component of total episode payments (60%-80% of the total), payments to physicians typically were 12% to 15% of episode payments, and postacute payments were 5% to 10% of episode payments for most conditions [1]. Alternatively, Bozic et al. [3] focused on total joint arthroplasty performed at a large academic medical center and found that postdischarge payments comprised 36% of total payments and 49% of patients were discharged to postacute care. Our analysis showed that there is substantial variation in episode-of-care payments for primary TKA across hospitals.
We found that certain hospital characteristics and certain patient characteristics were associated with greater episode-of-care payments. In particular, hospitals in the Northeast and major teaching hospitals had higher episode payments. In considering the higher payments to teaching hospitals, these hospitals receive supplemental payment under the formula for calculating the diagnosis-related group-based reimbursement [23] ; whether such payment is warranted is debatable [6] . Likewise, CMS payments are designed to vary with geography and cost of living, therefore our finding of higher episode-of-care payments in the Northeast may not be surprising [23] . Our finding that major teaching hospitals received higher payments and therefore are more expensive is not surprising and reinforces prior research quantifying excess payments to teaching hospitals [23] . As Chandra et al. reported [6] , there is a general lack of clarity in the precise objectives of Fig. 1 The histogram shows the mean hospital 120-day episode-ofcare payments (in USD) for primary TKA adjusted for patient demographics, comorbidity, and hospital structural characteristics (teaching status, geographic region). Each hospital (n = 1430) receives one mean episode payment value. Diamond = mean; bar = mean; rectangular box = interquartile range in payments. Fig. 2 The histogram shows the mean hospital 120-day episode-ofcare payments (in USD) for primary TKA unadjusted for patient demographics and comorbidity. Each hospital (n = 1430) receives one mean episode payment value. Diamond = mean; bar = mean; rectangular box = interquartile range in payments.
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Medicare payments related to graduate medical education and uncertainty regarding whether these payments are helping to achieve these objectives. Expanding on prior studies [8, 15] , we also found that several patient-level factors were associated with higher episode-of-care payments including female sex, black race, older age, and greater number of comorbid conditions. Finally, we found that postdischarge care, specifically discharge to an inpatient rehabilitation facility or skilled nursing facility was a significant driver of greater episode-of-care costs; our finding reinforces a prior report by the Medicare Payment Advisory Committee describing costs in postacute care as an important area of growth in spending [25] .
In thinking about our findings, it is important to discuss some of the potential consequences of a move to bundled payments or other efforts to shift financial risk to hospitals or physicians. Current bundled payment projects underway at CMS typically consider an acute care admission as the entry point in the payment model [29] . Bundled payment models currently being tested do not explicitly adjust for patient demographics (age, race, sex) or comorbidity, although the formula used by CMS bases payments on each hospital's historical performance; thus, in theory, hospitals that serve a population with a high burden of comorbid illness or of lower socioeconomic status would have some degree of financial protection since performance in these hospitals is being compared with their prior performance. Nevertheless, it is reasonable to be concerned that bundled payment models will provide further incentive for health systems to preferentially select patients who are likely to be lower risk, and thus potentially more profitable.
Our analysis suggests that approximately 55% of the variation we observed in episode-of-care payments to hospitals could not be explained by differences at the patient-level (eg, demographics, comorbidity, socioeconomic status) or the hospital level (eg, geographic location, teaching status) factors. What might explain the remaining differences in how much CMS is paying for TKAs across hospitals, and by extension, healthcare systems? One possibility is that there are unmeasured differences in patients receiving a TKA in different hospitals with respect to functional status, comorbidity, or socioeconomic status. For example, we lacked data regarding patients' preoperative functional status and it is known that preoperative functional status is an important predictor of postoperative recovery [14] . If patient-level factors are a major contributor to differences in payments across hospitals, episodeof-care payment models would have the potential for harming hospitals serving a disproportionately more complex patient population. We also lacked numerous details regarding hospitals including corporate strategies and financial ties between hospitals, physicians, postacute care facilities, and home health agencies (ie, vertical integration). If variation in Medicare payments reflects practices by healthcare systems to maximize reimbursement, a shift to episode-of-care payment models could be extremely successful in improving efficiency and value for CMS, albeit to the detriment of healthcare providers.
In an analysis of Medicare administrative data, we found substantial variations in episode-of-care payments for primary elective TKAs based on the hospitals where patients received their procedures. We found that although some of the variation in payments could be explained by differences in patient demographics, comorbidity, and hospital structural characteristics, much of the variation could not be explained. Policy makers should respond to these data by recognizing that payments should continue to reflect the greater risk and expense inherent in performing TKA in certain subgroups. Hospitals, health systems, and physician leaders must recognize that there is significant unexplained variation in costs of TKA and that unwarranted excessive costs will increasingly be targeted as areas for cost savings.
